nation mottle carmovirus (CarMV), cucumber mosaic cucumovirus (CMV), tobacco mosaic tobamovirus (TMV), tospoviruses (subgroups I, II, and III), and potyviruses to identify virusfree plants for culture initiation. None of the plants were positive for CarMV, CMV, TMV, or the tospovirus screen. However, all the plants were positive for a mixed infection of CLV and potyvirus. Meristems (0.3 mm) from infected shoot tips were initiated in K medium (Kyte and Kleyn, 1996) and a second ELISA test was performed when shoots had developed to a 3-cm size (3 months). One hundred plants from each cultivar infected with CLV and potyvirus were cultured at 37 °C for 6 weeks. Meristems from surviving cultures were excised and cultured in K medium for 3 months. Regenerated shoots were analyzed for CLV and potyvirus. CLV free cultures were cultured at 39 °C for 6 weeks and another round of meristems collected from the surviving cultures. Shoots testing clean were rooted ex vitro, acclimatized in the greenhouse and used as explants for the following experiments.
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Explant preparation and experimental conditions. Shoot tips (3 mm), basal young leaf segments (1 cm 2 ), the fi rst seven primary single nodal segments (1 cm) and fl ower ovaries (cut in half through their vertical axis) from plants grown in the greenhouse were used as explants. Flower ovaries were classifi ed as small (3 to 5 mm) or large (6 to 8 mm) according to ovary size, which corresponded to closed or open fl owers respectively. Explants were surface disinfected by immersion in a 3.5% sodium hypochlorite solution with 0.5% Tween 20 (Sigma) for 15 to 20 min before three to fi ve rinses in sterile double-distilled water. After disinfestation, explants were cultured in 500 ml sterile glass vessels (V-580, Vicasa, Spain) containing 100 mL of MS medium (Murashige and Skoog, 1962) or K medium (salts and vitamins of Kyte and Kleyn, 1996) containing 3% glucose and 0.7% agar (Copanor, S.L., Spain) at a pH of 5.75. The effects of BA (4.44, 11.10, and 22.19 µM) and NAA (0.27, 0.54, 2.68, and 5.37 µM) on shoot formation were evaluated by adding fi lter-sterilized plant growth regulators to autoclaved medium. Each experiment had three to fi ve replicate cultures of ten explants per treatment and was conducted three times. The percentage of explants showing growth response, the number of shoots produced per explant, the number of nodes per shoot and the distance between nodes were recorded after 6 to 13 weeks in culture depending on the regeneration response. Cultures were incubated at 24 ± 2 °C and 40 to 50 µmol·m -2 ·s -1 and 16 h photoperiod provided by MazdaFluor coolwhite lamps. All culture vessels were sealed with tape (W-101.300, Teixpac, S.A. Madrid) following explant inoculation.
Effects of plant growth regulators on root initiation. To study the effect of auxins on root initiation from regenerated shoots, fi lter sterilized IBA (2.46, 4.92, or 9.84 µM), IAA (2.85, 5.70, or 11.42 µM) or NAA (2.68, 5.37, or 10.74 µM) were added to autoclaved MS medium with or without BA (1.33, 2.22, or 4.44 µM). Shoots with 3 nodes (3 to 4 cm in length) were separated from the explants and Garden phlox (Phlox paniculata L.) is a popular ornamental perennial used primarily in the perennial border for midsummer color in either home or commercial landscapes. Phlox cultivars are available in fl oral colors of white, pink, lavender, red, light blue, and salmon and their blooms may be harvested for cut fl owers (Nau, 1996) . Plants perform best in warm and dry areas.
Phlox genotypes are commercially propagated by division as well as root and stem cuttings in Europe and North America. This is a season-bound process which limits the multiplication of new cultivars. Elite material is necessary since P. paniculata is susceptible to powdery mildew (Nau, 1996) and the Polemoniaceae are susceptible to viral infections from carlavirus, tobamovirus, and tospovirus (Brunt et al.,1996) .
Tissue culture of P. paniculata has been previously described using different explants and media depending on the experimental objectives. Axillary shoot proliferation was achieved using shoot tips or nodes cultured in LS (Linsmaier and Skoog, 1965) or MS medium (Murashige and Skoog, 1962) containing 9.3 µM kinetin (Olensen and Fonnesbech, 1975) or 1 to 44.4 µM BA with or without 0.22 mM adenine sulfate (Kyte and Kleyn, 1996; Mackay et al., 1999; Schnabelrauch and Sink, 1979) . Shoot regeneration was induced using leaf segments cultured with BA (Declerk and Korban 1995; Mackay et al., 1999) or with BA coated particle bombardment (Ill-Whan and Schuyler, 1998) . Somatic embryogenesis was observed from young leaves pieces cultured in MS medium with 6.66 µM BA and 2.85 µM IAA (Jain et al., 2002) . However, to our knowledge no work has been done on adventitious regeneration of P. paniculata using fl ower ovary explants. Ovary explants are important because it is a previous step for ovule regeneration to produce haploid plants for breeding purposes. Furthermore, in some ornamental plants like Gerbera jamesonii or Hosta spp. regeneration was only observed from young capitula or immature fl ower buds (Banks and Smith, 1985; Laliberté et al., 1985; Meyer, 1980; Papachatzi et al., 1980) . Therefore, the objective of this study was to compare regeneration from shoot tips, leaves from different sources (greenhouse or in vitro), nodes and fl ower ovary explants collected from three commercial cultivars of P. paniculata.
Materials and Methods
Plant material and virus elimination. Plants of P. paniculata, cultivars Blue Boy, Orange perfection, and Starfi re were purchased from a local nursery, and maintained in the greenhouse at 20 ± 4 °C/16 ± 4 °C (day/night). Forty plants from each P. paniculata cultivar exhibiting viral symptoms, including yellow leaves and leaf mottle, were analyzed with a direct antibody sandwich ELISA using commercially produced antibodies (AGDIA Elkhart, Ind.) against carnation latent carlavirus (CLV), car-transferred to root initiation medium. The percentage of shoots forming roots was quantifi ed, the number of roots per shoot was counted and root length was measured after 2 weeks.
Acclimatization. Rooted or unrooted shoots were rinsed in water to remove the tissue culture medium and planted in commercially available potting mix (Gramofl or, Holland) in B-28 plastic trays (Teku). Plantlets were acclimatized by placing them in a fog chamber set to 80% relative humidity with bottom heating at 21 °C for 2 weeks. Afterwards, plants were potted in M-11 plastic pots (I.P.S., Portugal) with the same potting mix and maintained at 20 ± 4 °C/16 ± 4 °C (day/night) in a greenhouse.
Statistical analysis. A completely randomized design with subsampling was used in all experiments. Data from treatments in which explants did not respond were eliminated for the analysis (Mize et al., 1999) . Data on number of shoots per explant, number of nodes per shoot, mean node distance, number of roots per shoot, and root length were subjected to analysis of variance (ANOVA) to determine the infl uence 
2.0 a 2.5 a 0.2 a z Means in columns with the same letter are not signifi cantly different according to LSD at P ≤ 0.05. of cultivar, explant type and treatments on these variables. Means were separated using Tukey's least signifi cant difference (LSD) test at P≤ 0.05, after the ANOVA. All the statistical analyses were performed using SPSS 11.0 (SPSS Inc., Chicago, Ill.).
Results and Discussion
Virus elimination. The initial plants were infected with CLV and potyviruses. Virus elimination was achieved for CLV by meristem culture and thermotherapy at 37 °C for 6 weeks of which 62% of 'Blue Boy', 45% of 'Starfi re' and 43% of 'Orange Perfection' cultures survived. Meristems from these plants were excised and 71% of 'Blue Boy', 40% of 'Starfi re' and 45% of 'Orange Perfection' shoots were CLV free, but all were still infected with potyvirus. Therefore the CLV free plants were cultured at 39 °C for 6 weeks of which 50% of 'Blue Boy', 52% of 'Starfi re', and 40% of 'Orange Perfection' shoots survived. After 3 months of meristem culture, a new ELISA test determined that 75% of 'Blue Boy', 90% of 'Starfi re', and 95% of 'Orange Perfection' surviving plants were free of potyvirus.
Effect of medium salts on shoot initiation and multiplication of P. paniculata. Regeneration was more effi cient when MS medium was used compared to K medium when 'Blue Boy' or 'Orange Perfection' leaves were used as explants (Table 1) . Furthermore, when we compared 'Blue Boy' node and shoot tip explants cultured on MS or K medium, we observed that explants in K medium had a good regeneration rate (Table 2) but showed aberrant phenotypes. Plants regenerated in this medium were less vigorous and with signifi cantly longer internodes, with yellow leaves, instead of the dark green leaves characteristic on this variety (Fig. 1) . Analogous results were obtained with the other two cultivars ('Orange Perfection' and 'Starfi re', data not shown). Therefore, the regeneration data in this medium were recorded after 6 weeks for node explants and after eight weeks for shoot tip explants, and the ovary explants were only assayed in MS medium. Kyte and Kleyn (1996) had previously described this K medium as adequate for P. subulata multiplication, however, MS medium was better for the P. paniculata commercial varieties discussed in this paper.
Effect of explant type on shoot initiation and multiplication of P. paniculata. Leaves were the best explant source for 'Blue Boy' and 'Orange Perfection' cultivars (Table 1) . Results on shoots per leaf explant source, greenhouse or in vitro, indicated that greenhouse grown 'Blue Boy' plants were signifi cantly more adequate as explants than plants grown in vitro (Table 1) . None of the treatments (MS or K with all the hormone combinations) induced shoot regeneration in cultivar 'Starfi re' when leaves were used as explants. The highest shoot formation for 'Starfi re' cultivar was observed with open fl ower ovary explants after 12 weeks in culture. Ovary explants from closed fl owers showed a poor shoot regeneration frequency in all cultivars. In the case of node and shoot tip explants regeneration was observed for the three cultivars in several MS media, even without plant growth regulators (Tables 2, 3 , and 4).
Effect of plant growth regulators on shoot initiation and multiplication of P. paniculata. Different explant types showed signifi cant differential response to the different treat- 
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Means in columns with the same letter are not signifi cantly different according to LSD at P ≤ 0.05. ments tested (Table 5 ). Using leaves as explants for 'Blue Boy' and 'Orange Perfection' cultivars, BA alone or in combination with low concentrations of NAA was needed for shoot induction ( (Table 3) showed the highest mean number of shoots, with 2.5, 3.0, and 3.0 shoots/explant respectively, when cultured on MS medium with 22.19 µM BA with 0.27 µM NAA. A maximum of 100% of cultured leaves showed shoot induction (10.8 shoots/explant) in this medium as well, and it should be considered the optimum medium for multiplication of this cultivar. The highest shoot formation (14.0 shoots/explant) was observed in 'Starfi re' with open fl ower ovary explants when 4.44 µM BA was present in the MS medium (Table 4) . However, only 50% of the explants showed regeneration. In the case of 'Starfi re' node and shoot tip explants, all the explants regenerated in several MS medium treatments but with a maximum of only 4.7 (with 11.1 µM BA) and 2.6 (with 4.4 µM BA and 0.54 µM NAA) shoots/explant respectively. High concentrations of NAA (2.68 µM or 5.37 µM) signifi cantly inhibited shoot initiation in all explant types from the three cultivars. Rooting and acclimatization. Of 100 unrooted shoots removed from tissue culture, 80 'Starfi re', 78 'Orange Perfection', and 72 'Blue Boy' shoots rooted without any auxin treatment within 2 weeks after initiating greenhouse acclimatization process. They presented a mean number of roots per rooted shoot of 4.3, 3.4, and 2.8 and a mean length per root of 4.7 cm, 3.8 cm and 2.4 cm respectively. In vitro rooting of cultivar 'Starfi re' shoots in the presence of auxins (IAA, NAA, or IBA) with or without BA was less effective than ex vitro rooting (Table 6 ). Furthermore aberrant phenotypes with necrotic basal leaves and yellow upper leaves were observed in all but fi ve of the 28 media analyzed (Fig. 1D and E) . Analogous results were obtained for the rooting of 'Orange Perfection' and 'Blue Boy' shoots (data not shown) These media include media previously described for phlox in vitro rooting (Kyte and Kleyn, 1996; Mackay et al., 1999) .
The survival rate of in vitro rooted P. paniculata plants was >99% under greenhouse conditions. Six months after removal from tissue culture, plants appeared very uniform and fl owered more abundantly than the original virus-infected plants.
While annual phlox (Phlox drummondii) is produced from seeds its perennial counterpart P. paniculata produces sterile seeds and must be asexualy propagated by divisions and root cuttings (Wherry, 1955) . However, their roots are often seriously damaged by red ants and soil fungus. Thus, large scale clonal propagation of P. paniculata is possible only through in vitro technique (Jain et al., 2002) . Although there are reports of P. paniculata in vitro production using a wide variety of explants, this is to our knowledge the fi rst report on P. paniculata micropropagation from ovary explants. Furthermore it is the fi rst time leaf explants from different sources (greenhouse or in vitro) were compared for shoot multiplication. Shoot multiplication was genotype dependant in P. paniculata, as cultivars responded differently. 'Blue Boy' and 'Orange Perfection' regenerated the maximum number of shoots from leaf explants using MS medium, while 'Starfi re' exhibited the highest shoot formation from large open fl ower ovary explants and failed to regenerate from leaf explants. Genotype-dependent specifi city of the medium for in vitro culture establishment and proliferation has also been described for other species. In Pelargonium ×hortorum for example it has been described both at explant level and at cultivar level (Cassells and Minas, 1983; Reuther, 1983) . The present study enabled the successful in vitro multiplication of three P. paniculata commercial cultivars, 'Blue Boy', 'Orange Perfection' and 'Starfi re'.
